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Chromogranin A (CGA), 6 a glycoprotein of 48 -52 kDa and the first member of the chromogranin/secretogranin family (1 ) , is released primarily by stimulated chromaffin cells (2 ) . This multifunctional protein is capable of influencing cardiovascular function (3 ), which is often altered in critically ill patients (4 ) . CGA is also considered a reliable indicator of the activation of sympathetic tone (5 ) .
In clinical practice, CGA has been used as a marker of pheochromocytomas (6 ) , carcinoid tumors (7, 8 ) , neuroblastomas (9 ) , neuroendocrine tumors (10 ) , and neurodegenerative diseases (11 ) . Recent data have shown CGA to be a useful prognostic indicator in patients with chronic heart failure (4 ), suggesting that CGA may have some association with cardiovascular diseases. Furthermore, a pilot study (12 ) has shown CGA to be a predictor of mortality in patients with acute myocardial infarction. The findings of this study have been confirmed in a subsequent study by the same authors, who showed that CGA is a strong and independent prognostic indicator in patients with complicated myocardial infarction (13 ) . Although CGA is generally regarded as a major protein released with catecholamines from the adrenal medulla under conditions of acute stress (5 ) , no study has been carried out to evaluate the value of CGA measurement in the context of patients at risk of multiple organ failure (MOF) subsequent to a single acute nonsurgical stress.
Characterization of the severity of organ failures and prediction of patient outcome are of major importance for physicians who care for critically ill patients. MOF remains the main problem in intensive care because of its impact on morbidity, mortality, and resources (14 ) . MOF can develop as a consequence of multiple causes, such as infection, systemic inflammatory response syndrome, myocardial infarction, septic shock, and so on, which can lead to the activation of various endogenous cascades that can cause cellular dysfunction and death (15 ) .
This study was designed to evaluate whether unselected critically ill patients at admission demonstrate increased plasma CGA concentrations and whether CGA can be of any interest in the care of patients at high risk of death.
Materials and Methods

STUDY POPULATION
The protocol for this study was approved by our institutional review board for human experimentation; written informed consent was obtained from each participant or authorized representative before enrollment. Patients older than 18 years were recruited consecutively over 3 months between July and September 2007. Exclusion criteria included (1 ) a duration of stay Ͻ24 h and (2 ) conditions known to increase CGA concentrations independently of acute stress [i.e., a history of documented neuroendocrine tumors (7 ) or chronic treatment with proton pump inhibitors before admission (16 ) ]. Patients who required surgical interventions were also excluded. Of the 120 participants included in the study, 70 patients had a primary diagnosis of severe infection (sepsis, 44; severe sepsis, 9; septic shock, 17), 17 patients had circulatory failure without infection (cardiogenic shock, 6; others, 11), 26 patients had self-poisoning with coma and/or respiratory failure, and 7 patients experienced out-of-hospital cardiac arrest (without previous documented heart failure).
PROCESSING OF BLOOD SAMPLES
Blood samples were collected at admission by venipuncture into serum-separator tubes without anticoagulant (BD Medical Systems). The tubes were immersed in ice and immediately transported to the laboratory for processing. Serum was separated by centrifugation at 1500g for 15 min at 4°C and stored in 200-L aliquots at Ϫ80°C until analysis. All samples were stored and processed identically to ensure uniformity of measurements.
MEASUREMENTS
Serum C-reactive protein (CRP) was measured by an immunoturbidimetric assay, and serum creatinine was measured with the Jaffe method as specified by the manufacturer of the test kit (Dade Behring Diagnostics) (17 ) . Serum CGA concentrations were measured with a commercial sandwich RIA kit (a gift of Cisbio Bioassays, Marcoule, France), with 125 I-labeled bioactive CGA as a tracer molecule and 2 monoclonal antibodies against human CGA amino acid sequences 145-197 and 198 -245 (18 ) . Intraassay and interassay CVs for the CGA assay were 5.9% and 7.7%, respectively (15 replicates of a human serum pool; mean, 32 g/L). In the central 95% of the healthy population, serum CGA concentrations range from 19 g/L to 98 g/L. In neuroendocrine system tumors, the CGA serum concentration varies from the typical range up to 1200 g/L, depending on the biological and structural characteristics of the tumor, as well as on the extent of tumor spread (19 ) . Procalcitonin (PCT) concentrations were measured on the Kryptor system (Brahms Diagnostic) with the time-resolved amplified cryptate emission methodology in accordance with the assay manufacturer's recommendations (20 ) . Leukocytes were counted with an LH 700 automated blood cell counter (Beckman Coulter).
CLINICAL DATA
Patient diagnoses were determined at admission. We defined septic shock and severe sepsis according to the criteria set by the International Sepsis Definition Conference (21 ) . Cardiogenic shock was diagnosed after documentation of myocardial dysfunction, and factors such as hypovolemia, hypoxia, and acidosis were excluded or corrected according to the definition of Forrester et al. (22 ) . The Simplified Acute Physiological Score II (SAPS II) and the Logistic Organ Dysfunction System (LODS) score were calculated at admission according to published standards (23, 24 ) .
OUTCOME
The primary outcome measure was 3-month mortality.
STATISTICAL ANALYSES
Continuous data are reported as the median (interquartile range), and group differences were evaluated with the Mann-Whitney U-test or the Kruskal-Wallis test. The Kolmogorov-Smirnov test was used to test whether variables were normally distributed. Categorical variables are reported as the percentage (frequency), and 2 tests were used to evaluate frequency differences between groups. Relationships between variables were evaluated with Spearman rank correlation tests. Multiple linear regression analysis equations were built by means of backward stepwise selection procedures that excluded variables with P values Ͼ0.05; P values were calculated with the Wald test. A Kaplan-Meier survival analysis was performed for the most significant variables. A Cox proportional hazards regression model was used to evaluate the effect of the logarithmically transformed CGA concentration on the endpoint and to calculate hazard ratios (HRs) with 95% CIs. To assess the independent prognostic value of CGA concentration, we first used a backward stepwise elimination procedure. In all cases, a P value Ͻ0.05 was considered statistically significant. We computed ROC curves to characterize both the prognostic accuracy of the biomarkers and their diagnostic accuracy in separating sepsis patients and nonsepsis patients, i.e., infection vs inflammation. All statistical analyses were performed with the SPSS statistical package (SPSS for Windows version 11.5).
Results
We excluded 35 of the 155 patients screened for this study (32 patients because of a duration of stay Ͻ24 h, 1 patient because of chronic proton pump inhibitor treatment, and 3 patients because of a history of neuroendocrine tumors).
ADMISSION CHARACTERISTICS OF PARTICIPANTS
The clinical characteristics of the final study population of 120 participants are summarized in Table 1 . Nonsurvivors (n ϭ 33) had significantly higher LODS and SAPS II scores than survivors (n ϭ 87), and septic shock and cardiogenic shock were significantly more frequent in the nonsurvivor group than in the survivor group (Table 1A) . Nonsurvivors had significantly higher concentrations of creatinine, PCT, and CGA (Table 1B ; Fig. 1) ; however, there were no statistically significant differences between survivors and nonsurvivors with respect to age, leukocyte count, and CRP concentration.
RELATIONSHIP BETWEEN CGA AND CLINICAL SCORES AND BIOMARKERS
CGA concentration was positively but weakly correlated with age, PCT concentration, creatinine concentration, SAPS II, and LODS score (P Ͻ 0.001 for all variables) and was correlated with CRP concentration in a Spearman correlation analysis (P ϭ 0.02; Table 2 ). When all these variables were entered into a multiple linear regression model and a stepwise backward variable-elimination scheme was followed, only creatinine concentration (P Ͻ 0.001), age (P Ͻ 0.001), and SAPS II (P ϭ 0.002) remained in the model; these 3 
CGA AND DIAGNOSIS
We generated ROC curves to identify the ability of our biomarkers to distinguish between sepsis patients and nonsepsis patients. For this analysis, we chose a cutoff value that optimized sensitivity. For PCT with a cutoff value of 0.34 g/L, sensitivity and specificity were 0.80 and 0.44, respectively, and the area under the ROC curve (AUC) was 0.70. For CRP with a cutoff value of 44 mg/L, sensitivity and specificity were 0.80 and 0.55, respectively, and the AUC was 0.72. For CGA with a cutoff value of 88 g/L, sensitivity and specificity were 0.61 and 0.45, and the AUC was 0.56. The differences between the CGA AUC and the AUCs for PCT and CRP were significant (P Ͻ 0.001 for both comparisons).
CGA AND PROGNOSIS
Thirty-three deaths occurred during the median follow-up time of 23 days. The death rates for CGA and PCT are shown by quartiles in Fig. 2 . Statistical analysis revealed a significant difference in death rates between CGA quartile 4 and CGA quartiles 1, 2, and 3 (P Ͻ 0.001, log-rank test). The death rate for CGA quartile 3 was also significantly different from that of CGA quartile 1 (P ϭ 0.033). For PCT, the death rate for quartile 4 was significantly different from the rates for quartiles 1, 2, and 3 (P Ͻ 0.001), and PCT quartile 2 was significantly different from quartiles 3 and 4 (P Ͻ 0.05). Table  3 presents the unadjusted HRs and 95% CIs for the association between potential prognostic variables measured at admission and the risk of death. Multivariable Cox proportional hazards regression analysis showed that log CGA concentration, SAPS II, and the diagnosis of cardiogenic shock at admission were significantly associated with outcome. Table 3 shows the unadjusted HRs of independent variables for predicting mortality. The adjusted HRs (95% CI) for the independent variables predicting mortality (log CGA concentration, SAPS II, and cardiogenic shock) were, respectively, 7.2 (3.0 -17.5), 1.0 (1.0 -1.1), and 3.9 (1.7-8.9) (all P Յ 0.001) (data not shown).
ROC curves for CGA, PCT, and SAPS II are shown in Fig. 3 . To assess the best positive likelihood ratio, we chose the cutoff value that was associated with the best specificity. For CGA, we chose a cutoff value of 255 g/L, which produced a sensitivity of 0.63 and a specificity of 0.89 (positive likelihood ratio, 5.73; negative likelihood ratio, 0.42; AUC, 0.82). A cutoff value of 65 for SAPS II produced a sensitivity of 0.61 and a specificity of 0.85 (positive likelihood ratio, 4.07; negative likelihood ratio, 0.46; AUC, 0.87). For a PCT cutoff value of 4.82 g/L, sensitivity and specificity were Box-and-whisker plots of the median and interquartile range.
•, 5th/95th percentiles.
0.60 and 0.71, respectively (positive likelihood ratio, 2.07; negative likelihood ratio, 0.56; AUC, 0.73).
Discussion
In this study of critically ill nonsurgical patients, we found that significant increases in plasma CGA concentrations were not related to the patients' underlying medical diseases but rather to the severity of disease presentation on admission. To our knowledge, such a finding has not previously been reported. In addition, we found positive correlations between CGA concentration and inflammation markers. Finally, multivariable Cox proportional hazards regression analysis demonstrated CGA concentration to be a strong indicator of outcome in our cohort of patients. 
INFLUENCE OF ACUTE RENAL FAILURE ON
CGA CONCENTRATION
The accumulation of CGA in end-stage chronic renal disease has previously been reported (25, 26 ) , but the impact of acute renal failure on circulating CGA concentrations in critically ill patients as observed in our study is a new finding. In the work of Estensen et al. (13 ) , a multiple linear regression model was used to show that creatinine clearance and age were independent predictors of CGA concentration (r 2 ϭ 0.23) in patients with complicated myocardial infarction. In our investigation, we obtained an r 2 value of 0.352 when we included the SAPS II score along with creatinine concentration and age in predicting log CGA concentration. Thus, the findings of these 2 studies suggest that acute renal failure influences plasma concentrations of CGA and, perhaps, the mechanisms that control these concentrations.
PATHOPHYSIOLOGICAL ROLE OF CGA IN CRITICALLY ILL PATIENTS
The pathophysiological role that CGA plays in critically ill patients has not yet been clearly defined. Our data have demonstrated that CGA concentration significantly increases in groups of nonsurvivors who had more severe LODS or SAPS II scores. In addition, CGA concentration was inversely related to survival time, a fact that agrees with results of studies of patients in end-stage cardiac failure (4 ) and in myocardial infarction (13 ) . Abnormalities of cellular and tissue energy metabolism are most probably causes of organ dysfunction in critical illnesses (i.e., impaired cellular respiration despite adequate oxygen delivery to tissues). Mitochondrial dysfunction is often blamed for tissue dysoxia and subsequent organ failure during critical conditions (27 ) . In vitro, depolarizationmediated CGA triggers apoptosis in microglial cells (28 -30 ) ; however, whether CGA participates in the development of MOF by an apoptosis-related mechanism is not yet known .
Increased plasma concentrations of CGA have been reported for various pathophysiological conditions, including enhanced sympathetic tone, production of cytokines in cardiac failure (4 ), and coronary artery bypass (31 ) . Of note is that the obliteration of chromogranin gene expression in a mouse model leads to a decrease in the size and number of chromaffin granules as well as in arterial hypertension (32 ) . Restoring expression of human CGA or exogenous injection of human catestatin, a potent noncompetitive inhibitor of catecholamine release (33 ) , restores blood pressure (34 ) , further suggesting that CGA and catestatin may play important roles in cardiovascular homeostasis, which is severely altered in critically ill patients.
RELATIONSHIP BETWEEN CGA AND OUTCOME
Our study revealed CGA concentration at admission to be a powerful and early marker of prognosis. Compared with others markers, CGA had the highest positive likelihood ratio (5.72 vs 4.07 for SAPS II and 2.07 for PCT). From an historical point of view, score building was the first step taken to evaluate outcome in critically ill patients, because previous attempts that had used biological variables to evaluate outcome had been unsuccessful (32 ) . Consequently, several clinical scores have been developed to assess the severity of critically ill patients. These scores have been validated with large cohorts of patients through the association of vital-organ dysfunction with mortality (23, 24 ) . For example, physicians routinely use SAPS II to assess the severity of diseases and predict in-hospital mortality, but this score can be calculated only after 24 h of hospitalization and the analysis of 17 biological or clinical variables (23 ) . Ideally, the evaluation of organ dysfunction should be based on a limited number of simple but objective variables that can be measured easily in every institution. CGA concentration measured at admission meets all these criteria and may therefore be helpful to physicians for predicting a poor outcome. When PCT concentration was proposed for such an evaluation of severely ill patients, it rapidly became clear that PCT was a breakthrough in the diagnosis of infection compared with the other available biological tests (36 ) . On the other hand, controversial data exist on the ability of PCT to predict outcome in patients with systemic inflammatory response syndrome (SIRS) (37) (38) (39) . In our investigation, CGA turned out to be a much better predictor of outcome than PCT but was poorer at distinguishing between inflammation and infection than PCT or CRP.
Conclusions
The present study has demonstrated that plasma CGA concentration is a strong and independent prognostic marker in consecutive critically ill nonsurgical patients. Thus, this biomarker may help physicians to categorize patients for further care and may be useful as a selection criterion for clinical studies. 
